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*tB^JSIlftill^ftiiffiI H s H S (UHVCVD) 
5* W H M* ± & * & m m £k ' itSJ^iif ilftSill 

& H H B m (mocvd)^ m m w m ± j& * - m it & m • 

* m w 2. 15 m m s ^ m m n m iz. m m m m it a * u ^ m g§ 
# ® & g m m 2. m m m n i& m m m m * m m n m z m m • 

tr ft > fu ffl m *p » #t # si m 2k # w n m- ' ?? & hf & & « 
isiissiJ^iiiffi^«4ifti ' stt & m m m & 
it m m, ta 5 n s <uhvcvd) • 5* - # 3e £ ^ fM*^ r • # # 

H H H )t±J&S-JfiieMltr»;£^$#i§JI« ($0 0.8 

S i o . , G e o . 9 ) ' f I J ffl * Jl ^ *ft * * H A ♦& 3c IB m M ± ft & 

fglHi^^il^i ( *D 0.8 ft * 5: Si 0 .o 5 Ge 0 .95 - 

sio.o 2 Ge 0 .98 ) ' & m m m m m w m m n m m m ^ m m 
*gi^iii±i2iii • m ft & m n * ® ± n ^ 

S - *fi ft £ * JK • 

> ?? & & jr m m m it m m. ti s n m (MocvDm m m m 
m ± ^ s - 5$ it m m n m • 
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This invention provides a method for growing Ge epitaxial layers on Si substrate 
and subsequently growing a GaAs layer on Ge film using ultra-high vacuum 
chemical vapor deposition(UHVCVD) and metal organic chemical vapor 
deposition(MOCVD). 

This invention also provides a method, based on the principles of strained 
interfaces blocking the threading dislocation generated from the Ge epitaxial layers, 
to reduce the total thickness, dislocation density and surface roughness on the Ge 
epitaxial layers. 

Firstly, precleaning the Si substrate in a standard cleaning procedure, dipping it 
with HF solution and prebaking to remove its native oxidized layer. Then, growing a 
high Ge-contained epitaxial layer, such as Si 0 .iGe 0 9 in a thickness of 0.8 fi m on said 
Si substrate using ultra-high vacuum chemical vapor deposition under certain 
conditions. During the period of growing, many dislocations are generated and 
located near the interface and in the low part of Si 0 ,Ge 0 9 due to the large mismatch 
between this layer and Si substrate. 

Furthermore, a subsequent 0.8 jim Si 0 05 Ge 0 95 layers, and optionally a further 0.8 
fim Si 0 02 Ge 0 98 layer, are grown. The formed strained interfaces of said layers can 
bend and terminate the propagated upward dislocation very effectively. Then, a film 
of Ge is grown on said uppermost epitaxial layer. 

Finally an additional GaAs layer is grown on Ge film by MOCVD. 
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* wt m m m m few m m; M> k ± m & m & m w it m m m* 2. 

iSg X £ ft * m tl £ & (UHVCVD)J^ ft H H fa 9 IK » 

jy. & m w ts ft * m ts s b b 0 m (mocvd)S* mmmm±f&m- 

* t * i 5^ - si s i i i Jt ± p n p s » ft t 
s jk £ * a • £ & * ^ $i g§ & jf ^ g m m m ft m m m m 

H A Jt 2: J* S « & ^ ft Pi & S > Si^7*iiii^I 
^ is li • s^aiiiif ^tB^gfit » 

mm w Rmmmw m i± > & *%tmmnm^ i v iiitc 
^ > ^ * 7c ^ a m & iv mm in -iv ^«fi*g#2isfij 

c - ) % m m m 

mmmftmz^m^Ttftzmmmm • ^ s m- ± ^ ft 
i p n B I w i ft i ^ s i iii-v^ft^-^^^it^mut-^ 
% ft iX is r ii m m n • nt « w *4 is ± m ^ & m • 

^ n, it x w m m « at s s. a 0 «j ^ « 9 ft w ; jtt ^ fit 

affiftl^lfTcfflf • 1 1 1 - v S£ ft ^ n ^ h% it 

£ *S . g ^ It « T SE -a- 5$ ft if £ rT tt 14 • " 

it « w Mb it ± n m m Mm w ft m • & tc ^ #$ a ± ± s pi 
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ffl M & M M W m m • S ft I H B B ^ f i ( lattice constant 

± £ H ^ 13 (mismatch) ^j£TfcEgSEJ[fl*&S]ffi!S2. 
StIEi ( anti-phase domain) = 4 H S ^ i H B a ^ ft f 

T ' it ^ ^ Pi 5: # & H# H fi % PR $!l & ^ ± # ft ^ 7c ^ 5: II 

fa mm m U mmmmffl ( threading dislocation) * R f IJ 

i i i i t i 1 * ^ I B B B I I ^ Fl i ^ f > & ^ n JS ft £ 

n ^ ^ n n » m & m m m - 
mm - si?iiS)Sfi»ft»ii8f • situs 

Jr$- 5$ ft SE / # B H B ft ^ BB m §1 SB 6tJ A » & M P ' l^Ogif II 

s s ^ k i ic i i # i e h b b t§ i « 1 1 « a f 3i5 ^ ^ > ti 

i^Jl^fegSiilflJ US 5959308* 5879962^ 547 3 1 7 4 
» 5 3 0 8 4 4 4 - 5 4 3 89 5 1 - 5 2 3 8 8 6 9* 5 1 83 776 R 5 1 4 1 89 3 Pfj m 

' S. A.C.Gossard^A^fS^3itftK"Subpicosecond 
carrier dynamics in low-temperature grown GaAs on Si 
substrates "(Applied Physics Letters, Vol. 75, No. 17, 25 
Oct. 1999) > \>X~Bl P.J.Goodhew m A fft fBt %k Si M "G r o w t h of 
high quality gallium arsenide on HF-etched silicon by 
chemical beam epitaxy "(Applied Physics Letters, 
Vol. 62, No. 14, 5 April 1 993 )S T.F.Carruthers f 
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ft IS 3t UK" Integration of low-temperature GaAs on Si 
substrates "(Applied Physics Letters, Vol. 62, No. 3, 18 
J an . 1 993 ) • if » H *D S ffi 2t ft ~& Wl W. & & ± ft 5* it & 

• - *9 « i o 8 / cm 2 ' gp m m m m. m >x m m ■& m n m 1 o 7 / 

cm 2 ffn e ; j.S£^5iMfc«ffc#£H&*&]8flR^»MJi»! 

> aittIIIi§FiTii5:i^ii*i^i^ • 
m te HI 7c # 2: -ft m ' ± I f W ft a I ii K# a I 

jtb ^ ' f 'J JB IS « » 5^ ^ ± $c ft 5$ ft If ' ^ IP i 1 1 i ft 

m / mffi M ' KtiIiiliB$Ofel SeS 2 ^ ZnSe ^ 
STO 01 ^ • 00 $0 ' M.Uraeno f A^Sf ^Xf'High'-quality 
GaAs on Si substrate by the epitaxial lift-off 
technique using S e S 2 "(Applied Physics Letters, 
Vol. 75, No. 24, 13 Dec. 1999) > # IB ?F — ffi j& (bonding) 

& ft ' ip m m ses 2 ^ j§ ^ m m m ft m & m m & & w n, it ± 

• m m mm tuft-off )&m & n m m w $.m it m m • mm 

fl B J H ife ' Jtfc m S * * tB fli ' M J. ffi 3f f# A R ^ 2. W 

H B B it ± # ft if • 

Tfo J.C.Tramontana f A f f * ^ X I "Use of ZnSe as an 
interlayer for GaAs growth on Si "(Applied Physics 
Let ters ,Vol .61 ,No.2, 13 July 1 992 ) » Jl!J ffi tf f IJ ffl ZnSe 
^ Ji JfS S! » # £ it ± ft W ft if ' IP 5$ ft if / ZnS e / & • 
fB ^ j| it ± l£ ft i« n n p » 21 ZnSe t ^ B I ' II ZnSe » 
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mm mwehm^m t$7t<*zm it • & st m ft m m ^ m m n 
m 14 • 

W # ' K.Esenbeiser ^A^/r#^5l5t^"New research 
yield epitaxially grown GaAs on Si "(Solid State 
Techno 1 ogy , 45 , 6 1 2002 ) • f S 7^ ?IJ 1 STO I I I S i 
fi* ^ H M- ± #c M W it M . ' IP 5$ ft If / STO / W • <B STO Ei & ^ 

fu ffl # ^ m n n ft * ( m be ) ^ n m ^ s ft w s ft > # s 
a a ji * - > sto an * a- w m m w m t& ts * < o . 026 

W/cm K ) rfff ^ fll # £ Ifc i& ' KftlSi^f ffltti^^l 

* & • 

A.C.Gossard #A^T§S"Subpicosecond carrier 
dynamics in low-temperature grown GaAs on Si 
s u b s t r a t e s " m M £ Ht ^ J£ *U A3 S i , . x G e x 4 1 PI ^ 1 fj i 

^ H B H it _h l& ft ffl ft if ' E&5^i5!ffl-fcifJIW-p^3giaift 
H H H te&ftftfRj&IKffift • H Jtb it m ft * *B £f ite « * W 0S ffl 

mm ' {b<o^#«^-^bj^6u^^ • k s ai m © & s ^ 

&Jg£fg^HiJt ' 5* 1& Jl ill fM * ' Si ...Ge, ■*» fit! If ^ ft fr I? 

&mm 1 o « # & ± • aa^KjffSw^itjnTcf^ssssiKifflje 
a a is • mm m m itm mww m (cup)&m m?j m m ■ fa 
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( = ) m m n ^ 

# m m £ m «j & n m & & tu & » * jss jb is w m & w £k 
± ^ n 5$ ^ if 2: «* ^ ' nm&mm si,. x Ge x is « * » »$■ 

# H jt ± j£ H 5* ft m «J fit ft J ' * & 0J3 & ^ T g $n ^ p$ {£ 

n, i B B B ^ i s ^ is? & iii a £ is it itr * m b b h jv 2. m m m m m 

* r n <s a m n ♦& ^ is m m & m m m m m m m m m z. m & 

t ii ?u ffl s i , . x g e x ft m m « » n w n jt ± &l m w it & m 

& m ' E.A.Fitzgerald ^ A # ^ * M " Impact of G a A s 
buffer thickness on electronic quality of GaAs grown 
on graded Ge/GeSi/Si substrate "(Applied Physic 
Le t t e r s , Vo 1 . 7 6 , No . 1 4 , 3 April 2 000 ) • fi£ # # ^ b b b Jt 

± m m m n? » »r i§ ^ ^ it m & • ?f^^^m^ss ( mbe ) 

S£ « Tf Jt £ M *S SI ± it tr - £$ ft if^ Jl il b b b ; 
E.A.Fitzgerald iAB^illSI US 6291321 > 6107653 
^*i®T5^^ H B B it±]SS Si ,.,Ge, • rfn W it ^ ® 

Si fr 5$ ft if n h h h • #j $n m 9t m n ^ & ( mbe ) m % m 

Jeng-Ming Kuo f A^iiS^Jt US 5308444 ffi » 75 ft - 
E.A.Fitzgerald H A & US 6291323 g jflj 4 s ffi #5 ^ £ ^ 

m i& m m m m - as m *& n n m m m w m + m * ^ ± - ^ » 

75 2. M ^ 3 ^ b b b it ± ' \>X MBE ^^ffiK^ft^m^g 
Ils^Ss^f^i^ili^I-i-If^iff 10 

% it ^ m 2. m m m m • « *t s so% n&m & • s * fj /a cmp 
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'&W $c - if • IS ^ * S 50% if s 75% > & « ?5 CMP 
glf ' ittBtH-if^J^JgSJS 2.5 © 

* ; IHit^SitiI B H B I • % £ g & A ft ft ' 
Pl^j^ft^JSSL^Smit^-E'ItbBf^S^PS^^ 2.5 

wl*& ± • a a ± aft £ ffi ft ^ * as 0 ii m m m $. m «& m ■ m 
m m m m * ^lif is 1 o 6 / cm 2 > 150/ 
cm 2 * a m m 2 4 ^ * & i§ n n m m m ^ 1 0 m * m ± z n n 

M ° 

^^WtElli^S^" Impact of G a A s buffer thickness on 
electronic quality of GaAs grown on graded Ge/GeSi/Si 
substrate "XK + mSS ' « ffl ^ f « S £ S K S ft * R ± 
' S S £ - it ft 2 . 5 fit * £ 5* ft £ • 

• *%tmi5m<m^z~m • w ^ ji it ± ft - 

JtiS#f-£S:;2:^ft£IIJt ( £□ 0.5 M 0.8 «*i Si 0 .,Ge 0 . 9 

) > f ij ii * it ^ «ft * » s & ts ^ 13 m m ± z m mmnm m 
m m m & m m • ti^si-iiHi iiiti^^i 

lil ( $D 0.5S 0 . 8 UK * 5: Sio.05Geo.95 * S i o.oaGeo.98) ' 

fij;B«-jt2:raffi?&/£«jii»!*® ' ixm - # mm&m - m 
*wmwmmm±&zmmm > s m m m m m m n m m m 
&wl* zmmmm & m - mtn 3 « * \x t • s * n \>x & jh 
w iut p m ii si. & • nmmmmmmm^-mmmmm 
zw itm& & ° m m it m m n m m «r >h m m if 7t ft £ n t± 
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i£ ± m $l ft m m * • § — * ® ft bp m z w ?a *s & *i 

• IP 6 50 1 8 00°CT it fT 15 I 60 # S ' 
9 01 5. 5$ ft « £ £ H P°P » 0 

m E.A.Fitzgerald W> A Z W 25 & 9 f J ' ^ # H J ^ 

' 09 *□ Si 0 .,Ge 0 .9 & i& n - » £ # it S H ' m 

& \>x m m % m m n n m m is m > mm s i0 . O5 Ge o ,, 5 > mm 

m H ^ JJP Z S i o . o 2 G e o . 9 8 S h h b j£ ft ' KIKl^iffii^If 

# je 9 S 2: H - M ' l^iS a B B ll*S214^iil#4 
4 itt I 0 B B i ' iiSiSl-iHIIHi . f ij fl§ & 

mmi&mmnMm.mn — m»&mz.fa±nm • & # & hj 

mm^mz^mm^'^mmmzmmm>m^. 100% * win 
^mm^mmmmm^m. 1 0 « # & t • m * m m z m m n 
mmm^&fflftm 3 wlx&t ( #n m ^ it m m m, ft £ # ft 

if ^ d, J» ) 0 

n z 15 m % u m m m m ^ ft m ft « n n a * • £ m n m. m 

350 M 650 °C$eS • PiRJfiSi S i H 4 ^ GeH 4 £S$<ftmfi * l£ 
ft ft If K * 20' M 100 « ft; T ' m fr ^ $# £ la 5: j£ ft / ^ 
i i — bb M * l-lilil^IHi^iliti^fi 
*%«lfiF«F^2lJ»flF^# ' m Qfc IB ft ft II * & 5^ IS £ tb #'J 

§p & ^ /Jn ^ % a $u » itr a « sb » k • ijditi is & m 
mm m • ai3j?R4E£f3-£**r»#£ • n f 1 it 1 B i i 



-12- 



m mmm • r - a wl & m s t 1$ & ^ s n j& m w 2. m m 

*r«»fi«'0!l*n$«#llr*t 1 0 % ft itr m U ± ' M £ K M P 

m ' m. * m m m n s * w m - #i$n sio. 25 Ge 0 .7 5 vx±m • ^ 

i I X ^ ft f t IB i b h b S I S3 IS $n 75 0°C T J£ S • i AI 



ititi Risiftis • mm 55o°c - sh^^k • mtu 
3 % ft 35 & fp ° 

M ' $ i 01 ^ « 1 ^ i f I ^ ft f I i I fa S i + ' 

w 21 it m m m m r m n w ft m n n z ^ « ° 

f S «i ^ M g ^ i - i S b b b i I i 15 2 ¥ 1 ft t 
R ' i$Dttftfi«IS(CMP)^^iiS*Ili^Sti 

— m2.mm&mm & ■> mm *mm~^ m m cmp & $1 
21 x & > i 31J ^ ^ 1 i 1 1 ? 1 « i ^ ^ B H H it - s. *e ^ — 
s n s ^ n m m m 21 bp b# is m s * m ¥ • m ^ m pi « « ^ 

H f£ £ ¥ il ft $t Jil • ^^Hj^if^i^g^^B^^f 

^•«^j^«p»?5fe#««#'ifs$ 1 0% m. m k » 4> « 
m ■ ^it*ii?7KM^ ' m'&mm 8oo°ct m fr &n a ± «, 
fti^ii ; m 5^ s - si n » j£ * Pt is w 2: ip m m m. m >x 
mm • 75o°cTiifT 0.25 s 1 /Jn b# • it - ^ p$ <s m m 
m m m m m n §h m • 
# m w 21 n - m » m ■ sss^s^^^^rtssi^ i v & 

«li7cf £ l=*3fe*7C#J^SSE-& I V »e PI 1 1 1 - 1 V MUM Mm 
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b b b ft (Ge MOSFET) ^ ft ft JE5 $9 & ( Ge p h o t o d e t e c t o r ) £. IV 

# f4 ft m 7c / ft m it # ; 1 1 1 - 1 v m $. m m ^ g » #<j #n f j 

5$ ft if f4 • n^i if m in -iv n & n 2. n h- \x r if m m -a- 
1 1 1 - 1 v m m iv ^ £ n ^ n it • ± at 5: 1 1 1 - 1 v m u n % m 

fflfeS^IIfiiffl B H 0 I (HBT)^i ^ 1 el I (MESFET) 

* ii t ? i ^ t sii (hemed > m ft — m m (led) « m m 

(Laser)f |^i^Ii H H B M- • 

( m yn m^j ^ 

^ ^ w m £n t m n n m • i ^ s i t « i f i ^ • 
a ae gsi 

i^t • * ij m m m m m # m m w & n m- • k « # a s ^ m 
ii^B^giK h 2 o 2 : h 2 so 4 tb m fi 1 ■ a -zmw.^ m 10 & 

m ' m'&W&PXlzM^ 7k (D.I. water ) • » £fc 10 # tf ft ' 

s i ox hf m n m m m so&Mmzpx&m^&ffiycZ.' 
m&m ±mm uhvcvd • mnm^^xm^tn 8oo°ct^ 

mm (prebaking) ffi 10 ^HHISffiiftl ' 

sis 4oo°c . m m. m m m & ±l m * m n m • k @ w * s 
ft * m ti si n % m m m m ta m m. s £ s is a « • t 

RTffl^^M^ttM 5x 1 0 " 8 ft ( torr) ix r • ^ s fl§ *. « 
Jig S i H 4 ^ G e H 4 ' £ Jf &fc © $0 3§ ( MFC ) $ij ^ M 1 ' ^ 4" SiH 4 
£ «E » n m M ' l^lll G e H 4 #1 0 «£ M ' £ # 56 £ 
& « ^ T ' fi§ : 
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( 1 ) £ H ffl JS m m ■ 3 5 0 M 6 5 0 °C ' tig 4 0 0 °C : 

(2) ^sgii^ii : 20 i ioo m& ' m&m 20 m 
fe : 

(3) j£ga&«g$i:Ef*fi£;2LSiH 4 -GeH 4 l&«; 

fg & & Jt ( i 1 I g 1 ^ 0.1 |*J-H • igH£ Ji 0 . 5 S 0.8 

' nmm o.s si 0 .05Ge 0 .9 5 - si 0 . 02 Ge 0 . 98 ) m * U 

j^iii - mmmMm-mmmzmmm • #u #n 1 * 

* • itSi'^lf iftf ilSI H B B ffi ' ^ 6 5 0 °C T « J¥ 
S #5 IS 3 WL * £ ffl ft If H H Jf • 

iaS^J^JIiilfl^ ' S — f 1 ffi IP ^ ( in-situ) m M. 

m 'X ' 650 i 800 °c - mmm 750 °ct • m n 0.25s 1 
y^m * 5i^c^mni^mm * ib $§ n i§ 5 s 2 0 « ?e • ium 
- # si is it st fin s 5$ ft if s n £ p°p » ° 
wss^^f B >t±3ifi^^ 0 H H ^*ii^4 i - m - m zm 

im^^k 70% - mta 70% M 90% £ m ' If il JS 90% ; 

J£ # W. - Jt Z $f ^ * 2$ 80% S 98% £ 09 > & ^ JS 95% : pj 

inin^iis ; tt-i^itii 100% • 51 m n m m 
ft m z n ts n m *@ r • KBiiftniiiiswiti 

o 

W M # $ 02 ft ^ 2: #7 #g gf B B B ± j£ 5$ ft if £ IS H • £ 4" 

i% txm ^ mm 90% £ si 0 .,Ge 0 . 9 it m m m m - m z w n m n 
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' tetfcMUm. 400 °C ^ ^SHItli 20 * ft T ' $c 0 

m 0.8 ^ * • ^tt^ 75o°cTii^c is &m ; mm &m<£ 

mm 9 5% £ Si 0 . 05 Ge 0 . 9i #il-f ^^ii s B a • 

400°C > Jl IS, ft « ^ JS 20 mtf:T ' 0 
* ' 7 50°CT.3S^ 15 : H & 31 ' J^fl^MfS 98 

% 51 Si 0J2 Ge 0 . n ftglHI ^^il B B B ' fel&Ml&m 400°C 

* ^iiiitii 2o«jtT ' j&Mmmm o.s • m '& 
n 7 5 o °c t m >x 15 # a ; m pa 100% 5: m n n *s m 

400°C - ^liiiil 20*jeT»^«»S»5 1-0 

• ^ m n 7 5 0 °C T ii * 15 5}I ; f tffJ^igf iftf i 

ffim£k&: ' 5^ 65o°c t m * ip s m is 3 « # w it m & n 

o 

( 5 ) in 5^ m m m m 

hl xrd m • # m m m m ^ m m w m m m m m * m ^ ^ s$ ^ 
a - 3t m n p°n w a » • 

n 3 h j§ ^ a # s » ti p°p £ « m ® is ap tff # m n 
m wl m m Jt - ii^4ii?ii a uii^itfciif 

H 5^ • 1? H ft « K Sf • 
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1 . - a ^ n n it ± ^ s w it m m m* z -ft & ■ m ■ 
( i ) m m - * # *f a £ ^ n it ; 

(2) ^^^W#^iPJ^^m-^li^H B B M'^a#^^ 

( 3 ) m n m - w m m n Jt z. ep m m & si >x - i>xm<& « m 
i# ?& k • 

jh m n m m m m - m n m ft ± n m z » n j# • m n 
m x wl m m m m n in m m m. m j x •> 
(5) m# (4) z.m±mm^mm - m, m - m m m m = 

# ■ ' 

( 6 ) It • ML ft * JK ± ' J£ H - 5$ ft £ H H : 

3t * ' H dl i£ ^ 3 50 1 6 50 °C ^ l£ H S ft JE ;b 20 1 

ioo *st ' &m en m (5) ixmm nmitmm 
m m n. & m n m m - m & m ( 6 ) 2. m n % \x & m 
m m it m m *g m n & m n m ft = x • sp b# « si * 

IlilS 650 m 800°C TifT 0;25I 1 /MS • 

2 . #n Eja iff « f (j m m m \ m • & * # as en # n it ^ 
iu *i *p ?s # a^ # » #i \o% m, m, m m m m m ' m m 

3 . $u ^ it 9 f u *e si b i s^^a ■ sn-^siiii 

0 . 1 « # ± £ S i o . i G e 0 . 9 ° 
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4 . m ^ m m * u m m % \ m 3 m $. ^ m - n^*m-wm^^ 

mm 0.5 M 0 . 8 * £ S i 0 . ,Ge 0 . 9 ° 

5. $0* iSI'Jill 1 ^ £ ^ & ' ^ * ^ - & It ^ H Jf M 
m.'J? 0.1 fflLXM ±$. Sio.05Geo.95 0 

6 . tin e£ it * n m m m. 1 m 5 ^ £ ^ m • ^^m~w^^^ 
mm 0.5m 0.8^^^ si 0 .„ 5 Ge„. 9S ° 

7 . $n ^ if * 5pij fg H £g 1 il^ • S * III^IH^H 
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